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1.  INTRODUCTION 


In  le^KKise  to  a  request  from  personnel  at  Fort  Drum,  New  Yoik,  the  U.S.  Aimy  Research  Laborarory 
(ARL)  undertook  a  series  of  ballistic  tests  to  determine  the  stopping  power  of  a  wood-steel  laminate  when 
fired  upon  by  small  arms  ammunitioa  The  laminate  was  being  used  as  a  divider  betwe^  floors  of  a  two- 
story  building  located  in  a  live  fire  village.  The  puipose  of  the  tests  was  to  determine  whedier  tiDq)s 
located  cm  die  downrange  side  of  the  divider  were  safe  in  the  event  of  an  accidental  disdiarge  of  a 
weapoa  The  Coips  of  Engineers  questioned  whether  the  proposed  design  would  be  sufficient  to  stop  small 
anns  ammunitioa  which  necessitamd  actual  firings. 

Within  one  week  of  the  original  tasking,  ARL  had  acquired  the  target  material,  assembled  the  targets, 
obtained  die  necessary  wetpins  and  ammimition,  conducted  the  tests,  analyzed  the  results,  and  provided 
preliminary  results  (verbally)  to  Fort  Drum.  This  quick  response  was  r^cessary  to  provide  critical 
informadon  for  contract  spedficadons.  After  the  preliminary  results  were  reported,  ARL  was  informed 
th^  a  change  had  been  made  in  the  design  of  the  target  to  assure  that  a  higher  degree  of  safety  was 
adiieved.  The  second  design  was  also  examined  in  ballisdc  tests.  The  next  secdon  describes  the  original 
target  and  die  modificadon  made  to  it  This  secdon  also  contains  d^  experimental  procedure  used. 
Secdon  3  contains  the  experimental  results,  which  are  discussed  in  Secdon  4.  The  final  secdon  i»esents 
the  conclusions  drawn  from  the  tests. 

2.  EXPERIMENTAL  PROCEDURES 

2.1  Target  PescriptioiL  The  original  target  was  specified  as  3/4-in  plywood,  1/4-in  steel,  3/4-in 
plywood,  1/4-in  steel,  and  3/4-in  plywood.  The  steel  was  specified  as  A572  Grade  50,  which  is  a  high- 
stimigth,  low-alloy  steel  used  in  construcdon  when  high  strength  is  needed.  The  ^lecified  minimum 
tensile  strength  for  this  steel  is  65  ksi  (see  Manual  of  Steel  Construcdcm,  7th  edidon,  puldished  by  the 
American  Insdtule  of  Steel  COnstnicdon,  New  York,  NY,  1973).  This  type  of  steel  was  not  available  (m 
short  notice,  so  anodier  steel  was  substituted  for  it.  The  Brinnell  hardness  for  the  substitute  steel  was 
measured  to  be  around  125;  while  an  exact  conversion  between  Brinell  Hardness  (BHN)  and  tenrile 
strmigth  is  not  possible,  an  ajqjroximate  cmiversion  shows  that  BHN  125  corresponds  to  a  range  of  tensile 
strength  between  60  and  65  ksi  (Small,  1960).  In  any  event,  use  of  a  lower  Strength  steel  in  these  tests 
imvides  a  conservative  estimate  of  the  stopping  power  of  the  laminate  target 
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The  modification  made  to  thds  target  by  Fort  Drum  was  to  replace  the  1/4-in  steel  widi  1/2-in  steel. 
The  Brinell  Hmxlness  of  the  1/2-in  steel  used  in  these  tests  was  approximately  BHN  130.  hr  subsequent 
discussions,  tMs  will  be  referred  to  as  the  modified  target 

All  targets  had  lateral  dimensions  of  12  in  by  12  in  (305  mm  by  305  nun). 

2.2  Weaixrn  and  AmmunitioiL  For  the  majority  of  the  tests,  5.56-mm  M855  ball  anununiticHi  was 
used.  The  lot  number  of  the  ammunition  was  WCC85L030-039.  A  scl^matic  of  the  bullet  is  shown  in 
Hgure  1  (taken  fixun  TM  43-0001-27).  The  cartridge  is  identified  by  a  green  tip  and  is  used  against 
personnel  and  unaimoied  targets.  The  nmninal  velocity  is  3025  ft/s  (922  m/s)  at  78  ft  fiom  the  muzzle. 
Tbis  is  standard  armnunition  for  the  M16A2  rifle. 

The  last  group  of  tests  perfonrred  used  7.62Hrun  M80  ball  ammunition.  The  lot  number  of  tbe 
ammunition  was  LC86K601L198.  A  schematic  of  the  bullet  is  shown  in  Figure  2  (tak^  fiom  TM  43- 
0001-27).  Its  nominal  velodty  is  2750  fi/s  (838  m/s)  at  78  ft  fiom  tire  muzzle.  This  ammuniti<Mi  is  used 
in  the  M14  rifle. 

2.3  Test  Procedures.  All  tests  were  conducted  in  Range  110,  located  in  Building  309  at  Aberdeoi 
Provir^  Ground.  Rve  groups  of  teas  were  perfiumed;  these  are  surrunarized  in  Table  1.  Standard 
multiple-flash  x-ray  techniques  were  used  to  measure  projectile  impact  velocity,  yaw,  and  pitch  (Herr  sead 
Grabarek  1966).  The  sign  convention  for  ptch  and  yaw  is  shown  in  Figure  3.  In  all  cases,  tire  gun-to- 
target  distance  was  4  ft  A  picture  of  the  target  setup  is  shown  in  Rgure  4.  The  five  target  layers  are 
shown  here  clamped  at  eadi  comer  widi  a  c-clamp. 

The  purpose  of  the  first  group  of  tests  was  to  determine  the  resistance  of  the  original  target  to  the 
M855  bullet  The  next  group  of  tests  examined  a  worst-case  scenario  in  which  the  impacts  occurred 
seqpientially  at  die  same  spot  on  the  target  Tte  third  group  of  tests  was  used  to  determine  at  what  target 
otdiquity  ricochet  would  begin  to  occur.  Firings  began  at  10*  obliquity  and  increased  in  10*  incrmertts 
imril  an  oUiquity  of  60*  was  obtained.  (Obliquity  here  is  defined  as  the  angle  betweai  the  bullet 
trajectory  and  the  normal  to  the  target  (see  Rgure  5)).  The  fourth  and  fifth  group  of  tests  examkied  tire 
resistance  of  die  modified  target  to  impact  of  M855  and  M80  ammunition,  re^ctively. 


2 


Ti^le  1.  Test  Group  Summary 


Groiq) 

No. 

BuUet 

Type 

Number 

Tests 

Taiget 

Taiget 

Obliquity 

(") 

X-ray 
Coverage 
(No.  Tests) 

Test  Type 

1 

M855 

5 

ori^nal 

0 

5 

target  qualification 

2 

M855 

3 

oi^mal 

0 

0 

multiple  impact 

3 

M855 

6 

origin^ 

10-60 

6 

oUiquity  tests 

4 

M855 

5 

modified 

0 

1 

target  qualificaticm 

5 

M80 

5 

modified 

0 

2 

target  qualification 

+  (UP) 


PITCH 


— (-  (RIGHT) 


YAW 


Rgure  3.  Pitch  and  vaw  agi  conventions. 
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Figure  4.  Target  setup. 


normal  to  target 


Rgure  5.  Etefinition  of  obliquity  angle. 
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3.  RESULTS 


The  results  for  the  first  group  of  firings  is  shown  in  Table  2.  In  all  these  tests,  ihe  bullet  wait  tiuougb 
the  first  three  layers  of  the  taiget  and  lodged  in  the  fourth  layer.  TaUe  1  ^ows  the  impact  velocity,  i»t(^ 
yaw,  and  the  depth  of  penetration  into  the  fourth  layer  (1/4-in  steel).  A  depth  measuiemoit  could  be  made 
in  all  but  the  fourth  test.  In  diis  case,  the  core  of  the  M855  lodged  in  the  steel  plate.  The  bulge  heigftt 
represents  the  maximum  deflection  from  the  rear  surface  of  the  steel  plate.  The  notation  "NM"  in  TaUes 
2, 4,  and  S  indicates  a  measurement  was  not  taken. 


Table  2.  Group  1  Test  Results 


Test 

Number 

Velocity 

(m/s) 

Yaw 

(") 

Penetration  Depth 
Into  2nd  Steel  Plate 
(mm) 

Bulge  Height  on 

2nd  Steel  Plate 
(mm) 

1 

908 

+55 

-3.25 

3 

1 

2 

900 

+2.5 

-0.75 

4 

1 

3 

913 

+4.0 

-1.75 

3 

1 

4 

915 

-0.25 

-3.75 

penetrator  lodged 
in  plate 

3 

5 

NM 

NM 

NM 

4.5 

2 

The  result  from  the  second  group  of  tests  (test  numbers  6  though  8)  was  diat  it  took  three  sqiarale 
firings  at  the  same  ^t  on  the  target  to  achieve  a  complete  perforation  of  all  the  layers. 

The  results  from  the  third  group  of  firings  are  shown  in  Table  3.  At  lO*’,  the  results  are  ix)t  much 
different  frmn  those  obtained  at  0°.  In  the  test  at  20°  obliquiQr,  the  IxiUet  core  lodged  in  the  seamd  steel 
plate  and  an  accurate  measurement  of  the  penetration  depth  was  not  made.  At  30°,  the  bullet  is  still 
getting  dirough  the  first  steel  plate  and  causing  some  damage  to  the  second  steel  [date.  However,  the 
penetration  depth  is  now  cmly  3  mm  and  the  bulge  height  ^  decreased  to  1  mm.  At  40°  oldiquity,  there 
is  (xily  a  trace  indentation  on  the  surface  of  the  second  steel  plate,  and  no  bulge  hei^it  could  be  measured. 
At  50°  obliquity,  die  bullet  was  unable  to  perforate  the  first  steel  plate.  It  did  make  a  deq>  scoop  in  the 
first  plate,  and  there  was  a  small  hole  in  the  plate  at  tip  of  the  bulge.  The  damage  to  this  steel 
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Table  3.  Group  3  Test  Results 


Test 

Number 

Velocity 

(m/s) 

Yaw 

O 

Target 

Obliquity 

n 

Penetration 
Depth  Into  2nd 
Steel  Plate 
(mm) 

Bulge  Hei^ 
on  2nd 

Steel  Plate 
(mm) 

9 

917 

-0.25 

-0.5 

10 

4 

2 

10 

908 

-1.5 

+1.75 

20 

penetrator 
lodged 
in  hole 

2 

11 

918 

-2.25 

-3.25 

30 

3 

1 

12 

893 

-0.25 

-2.25 

40 

0.5 

- 

13 

920 

+2J 

+0.25 

50 

ricochet  fiom 
1st  plate 

- 

14 

907 

+3.25 

-0.75 

60 

ricodiet  firom 
1st  plate 

- 

plate  indicates  that  ricochet  has  been  initiated.  A  small  chunk  of  metal  exited  the  front  face  of  the  target 
This  was  most  likely  die  bullet  core,  aldiough  it  could  also  have  been  a  small  piece  of  die  first  steel  {date. 
Figure  6a  ^ws  the  fiont  of  the  first  plywood  sheet;  note  d^  small  entrance  hole  and  large  exit  hole 
beneath  it  Hgure  6b  shows  the  back  of  the  first  steel  plate.  There  is  a  small  hole  located  at  the  tip  of 
the  bulge.  The  test  at  60°  obliquity  was  similar  to  tte  test  at  50°  obliquity.  However,  in  dus  case  a  much 
larger  piece  of  metal  exited  the  fiont  of  the  target  causing  a  much  larger  hole  in  die  plywood  cover. 


The  results  for  the  fourth  group  of  tests  are  shown  in  Table  4.  Since  this  was  essentially  a  rqpeat  of 
the  first  group  with  a  different  target  only  one  velocity  measurement  was  made,  hi  four  of  the  five  tests, 
the  bullet  was  stopped  in  the  first  steel  plate  (1/2-in  steel).  Since  the  bullet  was  found  to  be  lodged  in  die 
first  steel  plate  in  these  tests,  no  recording  was  made  of  the  penetration  d^th.  In  test  17,  the  penetrator 
was  found  lodged  in  the  3/4-in  plywood  behind  the  first  steel  plate.  There  was  no  d^age  dmie  to  the 
second  steel  plate  in  this  case. 
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EXIT  HOLE 
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Table  4,  Group  4  Test  Results 


Test 

Number 

Velocity 

(m/s) 

Yaw 

n 

Bulge  Height  in 

1st  Steel  Hate 
(mm) 

15 

907 

-1.25 

+0.5 

3 

16 

NM 

NM 

NM 

2.5 

17 

NM 

NM 

NM 

complete  penetraticm 
of  first  steel  plate 

18 

NM 

NM 

NM 

3 

19 

NM 

NM 

NM 

3 

Table  5  gives  Ae  results  of  die  last  group  fired.  No  perforations  of  the  first  steel  plate  were  achieved 
with  die  M80.  X-ray  coverage  was  provided  for  two  tests  (21  and  22).  As  before,  the  penetrator  lodged 
in  the  first  steel  plate,  and  a  measurment  of  the  penetration  depth  was  not  made.  The  large  bulge  in  the 
first  steel  plate  caused  a  noticeable  depression  in  the  3/4-in  plywood  backing  up  this  {date.  There  was  no 
mark  on  the  seccmd  steel  plate. 


Table  5.  Group  5  Test  Results 


Test 

Number 

Velocity 

(m/s) 

Pitch 

n 

Yaw 

n 

Bulge  Height  in 

1st  Steel  Plate 
(mm) 

20 

NM 

NM 

NM 

8 

21 

854 

+0.25 

+3.25 

9 

22 

847 

+1.25 

-0.25 

8.5 

23 

NM 

NM 

NM 

8 

24 

NM 

NM 

NM 

8 

4.  DISCUSSION 

The  tests  in  Group  1  show  that  the  original  design  provides  adequate  protection  against  M8S5  ball 
ammunition.  In  none  of  the  tests  conducted  did  the  bullet  perforate  the  target,  and  penetration  depth 
into  the  second  steel  plate  was  on  the  order  of  half  the  plate  thickness.  The  consistency  of  the  results 
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suggests  that  excursions  fn»n  the  observed  peifoimance  would  be  unlikely.  Use  of  higher  strength  steel 
in  this  deagn  would  improve  the  margin  of  safety.  Note  that  firing  the  weapon  at  a  distance  kmger  than 
the  4  ft  used  in  these  experiments  will  also  cause  the  margin  of  safety  to  increase. 

Groi^  2  tests  show  that  a  second  round  fired  at  the  same  point  on  the  target  will  not  result  in  a 
perforation.  It  took  three  separate  firings  to  produce  a  complete  perforatiorL  While  this  groiq)  of  tests 
may  not  provide  a  statistically  significant  number  of  results,  the  tests  do  reinforce  the  finding  that  the 
original  design  provides  an  adequate  level  of  [Motection. 

Erqjeriments  conducted  with  the  original  target  at  increa^gly  higher  otdiquity  {novided  an  mcrease 
in  the  path  length  of  steel  that  the  bullet  encounters.  At  smne  point,  the  effective  target  thidcness  is  too 
great  for  a  perforation  of  the  steel  plate,  and  ricodiet  occurs.  The  tests  in  Group  3  indicate  diat  this 
critical  ricochet  angle  lies  near  50°.  Up  to  that  obliquity,  the  bullet  will  remain  trapped  inside  the 
laminate.  At  higher  obliquities,  diere  will  be  some  metal  fragm^  ejected  frcun  the  ftcrnt  face  of  the 
target  Ihis  could  cause  potential  injury  to  troops  (Hi  the  same  floor  the  weapon  is  being  fired. 

The  test  results  fiom  Group  4  are  conastent  with  those  obtained  from  Group  1.  In  both  ^oups,  the 
total  amount  of  steel  penetrated  was  approximately  the  same,  with  the  one  exceptitm  where  the  bullet 
perforated  the  first  1/2-in  steel  plate.  Obviously,  if  the  original  target  could  stop  die  M8S5,  doubling  the 
amount  of  steel  in  die  target  wcHild  sim^dy  increase  die  margin  of  safety. 

The  M80  ball  ammunition  caused  a  significant  bulge  in  the  first  steel  plate  of  die  modified  target 
The  kinetic  raergy  of  this  round  is  considerably  larger  than  that  of  the  M8S5;  however,  the  M80  lacks  the 
steel  core  found  in  the  M8SS.  Ccmsequendy,  the  M80  may  cause  mote  damage  to  the  steel  plate  than  diat 
caused  by  the  M8S5,  but  with  this  particular  target  the  test  results  indicate  that  the  M80  is  no  more 
effective  than  the  M855. 

5.  SUMMARY 

•  The  laminate  target  made  up  of  3/4-in  plywtxxi,  1/4-in  steel,  3/4-in  plywtxid,  1/4-in  steel,  and  3/4-in 
plywood  will  stop  M855  ball  ammunition  fired  fiom  the  M16A2  rifle  at  point  blank  range  at  normal 
obliquity  (0°). 
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•  one  test  series,  three  separate  shots  against  the  same  iqx>t  on  the  target  were  required  to  perfirarate 
die  target  at  normal  obliquity  (0'^).  It  would  be  expected  that  this  number  would  increase  as  the  target 
(dili^ty  increased. 

•  The  ricochet  an^e  for  die  laminate  target  is  approximately  50°.  At  this  obliquiQr  or  higher,  any 
personnel  on  die  iqirange  side  of  this  inotecdve  barrier  are  in  danger  of  being  hit  with  metal  fragments. 

•  A  greater  margin  of  safety  can  be  obtained  by  substituting  1/2-in  steel  for  die  1/4-in  steel  in  the 
laminate  target  The  modified  target  was  idiown  to  stop  M80  ball  ammunition  fired  fipcnn  die  M14  rifle. 
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iNTENnONALLY  UEFT  BLANK. 


A 
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6.  REFERENCES 


Grabaiek,  C.  L.,  and  E.  L.  Herr.  "X-Ray  Multi-Flash  System  for  Measuim^  of  Projectile  Peifonnance 
at  the  Target"  BRL-TN-1634,  U.S.  Army  Reseat  Laboratory,  Aberdem  Proving  Ground,  MD, 
Sq>tember  1966. 

Small,  L.  Hardness:  Theory  and  Practice.  Service  Diamond  TooL  Fetndale,  Michigan,  1960. 
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Intentionally  left  blank. 
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NO.OT 

CCfflES  ORGANIZATION 


ft 


2  DEFENSE  TECHNICAL  INFO  CTR 
ATTN  DUC  DDA 
8725  JOHN  J  KINGMAN  RD 
STE0944 

FT  BELVOIR  VA  22060-6218 


1  DIRECTOR 

US  ARMY  RESEARCH  LAB 
ATTN  AMSRL  OP  SD  TA 
2800  POWDER  MEi  RD 
ADELPHI MD  20783-1145 


3  DIRECTOR 

US  ARMY  RESEARCH  LAB 
ATTN  AMSRL  OP  SD  TL 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1145 

1  DIRECTOR 

US  ARMY  RESEARCH  LAB 
ATTN  AMSRL  OP  SD  TP 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1145 


ABERDEEN  PROVING  GROUND 


5  DIR  USARL 

ATTN  AMSRL  OP  AP  L  (305) 


J 
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NO.  OF 

COPIES  ORGANIZATION 

4  COMMANDER 

lOlH  MOUNTAIN  DIVISION  U 
ATTN  AFZS  PTMS  R 
SCHWARK  2  CP 
DC»JNELLY2CP 
FT  DRUM  NY  13602-5019 


ABERDEEN  PROVING  GROUND 


4  DK.  USARL 

ATTN:  AMSRL-Wr-TD,  T.  FARRAND 
AMSRL-WT-TC,  W.  EDMANSON 
AMSRL-WT-PB,  B.  PATTON 
AMSRL-MA-CE,  S.  CHOU 
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USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  Laboratoiy  undeitakes  a  continumg  effort  to  improve  the  qualiQr  of  the  reports  it  publishes.  Your  ctmunents/answers 
to  the  items/qiKsticHis  below  will  aid  us  in  our  efforts. 

1.  ARL  Report  Number/Author  ARL-TN-65 _ Date  of  Report  March  1996 _ 

2.  Date  Report  Recdved _ _ _ 

3.  Does  diis  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  irrterest  for  which  the  r^rt 

will  be  used.) _ ^ _ 


4.  Spedfically,  how  is  the  report  being  used?  (Information  source,  design  data,  procedure,  source  of  ideas,  etc.) 


S.  Has  Uk  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars  saved,  operatmg  costs 
avoided,  or  effidaicies  achieved,  etc?  If  so,  please  elaborate. _ _ 


6.  General  Cmnments.  What  do  you  diink  should  be  changed  to  improve  future  reports?  (Indicate  changes  m 
organization,  technical  content,  format,  etc.) _ 


CURRENT 
ADDRESS 

City,  State,  Zip  Code 

7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the  Current  or  Correct  address  above  and  the 
Old  or  Incorrect  address  below. 


OLD 

ADDRESS 

CSty,  State,  Zap  Code 

(Ronove  diis  sheet,  fold  as  indicated,  tspe  closed,  and  mail) 
(DO  NOT  STAPLE) 


Organization 

Name 

Street  or  P.O.  Box  No. 


Organization 

Name 

Street  or  P.O.  Box  No. 


